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The invention relates to an apparatus, an algorithm and a
method for providing a laser shot file for use in a laser. The
laser may be an excimer laser. The shot file may be applied for
performing a refractive laser treatment of an eye or for pro-
ducing a customized contact lens or an intraocular lens.
According to the invention information with respect to a
desired ablation profile is provided and a first series of laser
shot positions is calculated based on the desired ablation
profile. A simulated ablation profile is generated using said
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pulse characteristics of a single laser shot. The simulated
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APPARATUS AND METHOD FOR
PROVIDING A LASER SHOT FILE

This is continuation of International Application PCT/
EP2009/007755, with an international filing date of Oct. 29,
2009, and which claims the benefit of German Application
No. 10 2008 053 827.2, with a foreign filing date of Oct. 30,
2008.

FIELD OF INVENTION

The invention relates to an apparatus, a method and an
algorithm for providing a laser shot file taking information
about the pulse characteristics of an individual laser shot into
consideration. The laser shot file may be used for ablating the
surface of a cornea in a corneal re-shaping procedure or for
producing a customized contact lens or an intraocular lens.

BACKGROUND OF THE INVENTION

Currently used algorithms for providing a laser shot file
using finite laser pulse sizes, such as 1 mm or 2 mm, deliver
a laser shot file which is an approximation to the intended
theoretical ablation profile. This is mainly based on the fact
that the used algorithms only use the theoretically total
removed volume per pulse, irrespective whether a standard or
a customized treatment is planned.

The theoretical ablation profile relates to the desired refrac-
tive correction compensating a determined vision error of an
eye. The desired refractive correction may be based on diag-
nostic data obtained by at least one of a subjective refractive
error and a measured objective refractive error. The measured
refractive error may be obtained by at least one of a wavefront
sensor, topographical measurement device or a pachymetry
measurement device. Low order aberrations may be deter-
mined by a subjective refractive error, e.g. considering the
verbal feedback of a patient.

Classical ablation algorithms further induce biodynamic
effects which are in general expressed by unintended induced
shape aberrations. To compensate for these unintended
induced shape aberrations additional ablation of corneal tis-
sue may be necessary, which may cause incremental modifi-
cations to the desired ablation profile. Also the fact that the
size of pulses, which comprises the pulse diameter, is not
infinitely small may cause the need to create a transition zone
around the actually relevant central ablation zone.

The final shape of a wavefront may be created by a super-
position of known two dimensional surfaces of a known
shape. For each of these known shapes a scaling factor may be
obtained, e.g. by a software, to get the best representation of
the wavefront deformation.

There are various sets of functions which create the already
mentioned known two dimensional surfaces. Here in the fol-
lowing the Zernike Polynomial system will be briefly
described.

The amplitudes A of Zernike polynomials can be repre-
sented mathematically as follows.

4

nm

Where n represents the Zernike mode, i.e. the main order of
the polynomial, which is the primary parameter in the classi-
fication of the radial behavior of the polynomial. The param-
eter n gives more or less the radial distribution. The larger the
order n is, the outer in the periphery the major characteristics
are located.

The angular characteristic of the polynomial is specified by
the parameter m, which describes how often a certain struc-
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ture is repeated in azimutal direction, i.e. the parameter m
gives the azimutal symmetry of the polynomial. The larger
the value for m, the more sophisticated the azimutal profile of
the polynomial, i.e. the more structures along one azimutal
circle can be detected. The parameter 7 describes the sym-
metry characteristic of the polynomial, i.e., even or odd.

Reference is made to FIG. 15 which illustrates the behavior
of a graphical representation of Zernike polynomials with
corresponding parameters. The OSA standard notation (Thi-
bos et al., 2000) as used in FIGS. 14 and 15 for the Zernike
polynomials Z is defined as follows:

wm
Z,

The original wavefront error W of the eye can be recon-
structed by a linear combination of the calculated Zernike
polynomials Z, taking into account their individual ampli-
tudes A, " using the following equation:

Wio. @)= ) AL Z0 (0 9)

nmm

The notation Z,, ,,™ corresponds to Z,™™ of the OSA stan-
dard notation. The parameters p, ¢ represent the coordinate
values. In the following, the Bausch & Lomb notation (B&L
notation) is used.

U.S. Pat. No. 6,090,100 relates to an excimer laser system
for correction of vision with reduced thermal effects. It spe-
cifically relates to an apparatus and method for controlling the
excimer laser system for removing tissue from the eye to
perform various types of corrections, such as myopia, hypero-
pia, and astigmatism correction. In one disclosed embodi-
ment, the excimer laser system provides a relatively large
pulse size which provides a relatively large coverage of treat-
ment area per shot. While using such large pulse sizes, the
shots are generally not “adjacent” to each other but the pulses
overlap to generate the desired degree of ablation at a particu-
lar point. For calculating the result of the overlapping pulses,
an algorithm is used. In one method of calculating treatment
patterns using large, fixed pulse sizes distributed throughout
the treatment area, a dithering algorithm is used. Specific
reference is made to a rectangular dithering, circular dithering
and a line-by-line oriented dithering. Using any variety of
shot dithering methods, an array of shots is created for a fixed
pulse size spread over a treatment area to correct to the desired
degree of ablation. For the respective array, a grid is used with
a constant grid width between individual grid positions. With
the known dither methods, the shape of the desired ablation
profile, which usually is a continuous profile, has to be trans-
ferred into a whole-numbered discrete density distribution.
Here, the continuous profile represents a planned ablation and
the whole-numbered discrete density distribution represents a
series of ablating flying spot laser pulses. The residual struc-
ture, i.e., the difference between the planned and the achieved
profile, has to be minimised. Exact solutions can principally
be found numerically but not in a reasonable time. Therefore,
for this purpose, dither algorithms are used. The profile is
discretised on a given grid. Using a cost function or merit
function the algorithm decides for each position of the grid
whether to place a shot or not. For this decision, usually only
a few neighbouring positions of the grid are taken into
account. This dither algorithm saves calculation time without
the need that the real size of the pulse is taken into account. It
is sufficient to know the volume which is ablated with one
laser shot. However, under certain conditions, the known
dither algorithms produce artefacts in parts of the profile, e.g.,
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in low-density regions where the next neighbouring shot is
too far away. Artefacts may also be produced in high-density
regions where at nearly every position, a shot is placed. The
positions with no shot also have too large a distance for the
assumption that only a few neighbour positions are necessary.

SUMMARY

It is an object of the invention to improve the performance
to obtain a laser shot file approximating the theoretical abla-
tion profile up to a predetermined degree. Another object of
the invention is to obtain a laser shot file approximating the
theoretical ablation profile with lasers having a large range of
pulse characteristics, e.g., having different shape and/or size
and/or energy distribution over the laser pulse. This range of
pulse characteristics may result in a corresponding range of
beam profiles. Another object of the invention is to correct
high order aberrations of an eye more effectively.

The above objects are achieved by the features of the
claims. Aspects of the invention are directed to a method, an
algorithm and an apparatus for providing a laser shot file for
use in a laser as well as a laser treatment system utilizing the
laser shot file. The laser shot file may be used in a laser, e.g.
excimer laser for performing a refractive laser treatment of an
eye or for producing a customized contact lens or an intraocu-
lar lens. The concept of the present invention is based on an
iterative processing of the input data for obtaining the
approximated laser shot file, which takes information about
one or more pulse characteristics of a single laser shot into
consideration. Hence, the pulse characteristics for determin-
ing a laser shot file is not a theoretical assumption, e.g., only
based on the ablated volume per shot. The pulse characteris-
tics of a single laser shot may be obtained by applying inde-
pendently a single test shot or a series of test shots on a
reference material, e.g., once in the lifetime of a laser or after
aninspection of a laser, e.g., an excimer laser. The analysis of
the effect of the mentioned test shots delivers independently
information for one or more pulse characteristics, e.g., the
ablation volume. The actual pulse characteristics of the laser
shot may also be measured in a certain time interval or before
each treatment, before each partial treatment or for checking
the beam profile.

In the context of the application, the term “pulse” relates to
the spatial distribution of the intensity with a corresponding
beam profile and the term “shot” relates to the center position,
i.e., the target position of the laser.

Due to the features of the invention it is, inter alia, possible
to obtain a laser shot file approximating the theoretical abla-
tion profile with a large range of laser pulse characteristics,
e.g., having a different laser pulse size, e.g., diameter. This is
advantageous in that a laser having a relatively large pulse
size may be employed to ablate relatively small sized struc-
tures, i.e. may deliver an ablation profile which is comparable
to the results achieved with small sized pulses. Laser pulses
having a relatively large size may ablate more tissue per shot
and may have a relatively low laser shot repetition rate which
may lead to a reduction of the operating time in comparison to
laser pulses having a relatively small size. The possibility to
employ a laser apparatus having a relatively large pulse size is
also advantageous in that existing laser apparatuses may be
employed and it is not necessary to use a laser apparatus
having a small pulse size.

According to an aspect of the invention, a laser shot profile
is provided by calculating a first series of laser shot positions
based on a desired ablation profile. The first series of laser
shot positions is utilized to generate a simulated ablation
profile, wherein in the simulation the actual laser pulse char-
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4

acteristics used for the refractive treatment is taken into con-
sideration. In this way it is possible to assure a high level of
accuracy regarding the outcome of a laser treatment as well as
a high approximation performance to the desired ablation
profile. Due to this feature it is possible to determine a laser
shot file for lasers having different pulse characteristics, e.g.,
ablation volume and/or shape and/or size and/or energy dis-
tribution over the laser pulse.

The difference between the simulated ablation profile and
the desired ablation profile represented by Zernike coeffi-
cients or Seidel aberrations, is determined. A second series of
laser shot positions is calculated based on both the desired
ablation profile and the residual structures corresponding to
the above determined difference. The second series of laser
shot positions optimizes the first series of laser shot positions
and minimizes the residual structures, at least in an area of
interest, which may correspond to a treatment area.

A second simulated ablation profile may be generated
using the second series of laser shot positions, which uses
information about the pulse characteristics of a single laser
shot like the first simulation. The second simulated ablation
profile may be compared with the desired ablation profile and
residual structures may be determined A further series of laser
shot positions based on the desired ablation profile and the
determined further residual structures may be calculated and
the processing may be iteratively repeated until a certain
accuracy is reached, e.g., until the residual structures do not
exceed one or more predetermined values.

The residual structure may be filtered, e.g., split into high
spatial frequency structures and low spatial frequency struc-
tures in order to modify the input for the following calculation
to achieve better results. This may be done by expanding the
residual structure into Zernike coefficients up to a certain
order so that the residual wavefront is created analogical to
the original wavefront. The high spatial frequency parts may
introduce artefacts in the lower spatial frequency parts due to
the iterative calculation. These artefacts may be avoided by
assuming that the high spatial frequency parts are good
enough because of the limitation by the laser pulse size.

According to an aspect of the invention unintended
induced shape aberrations due to biodynamic effects may be
compensated when determining the laser shot file. According
to a further aspect of the invention a dithering algorithm is
utilized when determining at least one of the laser shot posi-
tions.

Input data for the method/algorithm/apparatus according
to the present invention may be diagnostic data, preferably at
least one of a subjective refractive error and a measured
refractive error. The measured refractive error may be
obtained by at least one of a wavefront sensor, topographical
measurement device or a pachymetry measurement device.
Low order aberrations, typically understood as being for
example the 2" order Zernike type aberrations expressed in
sphere, cylinder and related axis, may be determined by a
subjective refractive error, e.g. considering the verbal feed-
back of a patient. High order aberrations, typically under-
stood to be for example 3 and higher order Zernike type
aberrations such as coma and trefoil (3" order) and spherical
aberration and secondary astigmatism (4” order), may be
determined by measurement means and/or by mathematically
given shape change parameters. The mathematically given
shape change parameters may represent unintentional vision
errors which are induced by a vision correction treatment,
such as an induced spherical aberration by an excimer laser
ablation process. According to the invention input data may
be combined, e.g., to obtain two dimensional maps or matri-
ces based on topography, wavefront or empirical findings.
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The output data of the method/algorithm/apparatus accord-
ing to the present invention may be used to control a laser
treatment system for performing a laser vision correction
treatment of an eye or for producing a customized contact lens
or an intraocular lens.

BRIEF DESCRIPTION OF THE DRAWINGS

Ilustrative, non-limiting embodiments of the present
invention will be described by way of example with reference
to the accompanying drawings, in which the same reference
number is used to designate the same or similar components
in different figures, and in which:

FIG. 1 shows a table with Zernike coefficients and Zernike
amplitudes relating to a wavefront to be corrected for a pupil
radius of 2.5 mm;

FIG. 2 illustrates a sectional view of a pulse ofa single laser
shot with a 1.0 mm diameter;

FIG. 3 illustrates a cross section of a simulated ablation
profile with the pulse of FIG. 2 in x direction after a 1%
iteration step;

FIG. 4 illustrates the simulated ablation profile of FIG. 3
after a 2" iteration step;

FIG. 5 illustrates a cross section of a simulated ablation
profile with the pulse of FIG. 2 in y direction after a 1%
iteration step;

FIG. 6 illustrates the simulated ablation profile of FIG. 5§
after a 2" iteration step;

FIG. 7. shows a table with Zernike coefficients relating to
the residual wavefront after the 15 and 2" iteration step illus-
trated in FIGS. 3 to 6;

FIG. 8 illustrates a sectional view of a pulse ofa single laser
shot with a 1.6 mm diameter;

FIG. 9 illustrates a cross section of a simulated ablation
profile with the pulse of FIG. 8 in x direction after a 1%
iteration step;

FIG. 10 illustrates the simulated ablation profile of FIG. 9
after a 2" iteration step;

FIG. 11 illustrates a cross section of a simulated ablation
profile with the pulse of FIG. 8 in y direction after a 1**
iteration step;

FIG. 12 illustrates the simulated ablation profile of FIG. 11
after a 2" iteration step;

FIG. 13 shows a table with Zernike coefficients relating to
the residual wavefront after the 1°“ and 2" iteration step illus-
trated in FIGS. 9 to 12;

FIG. 14 shows a map of the Zernike polynomials notation,
the respective sight defect and the Bausch & Lomb notation;
and

FIG. 15 shows a density plot of the Zernike polynomials up
to the seventh order.

DETAILED DESCRIPTION

In the following detailed description the invention is
explained on the basis of two different laser pulses having a
pulse characteristic of a single laser shot as illustrated in
FIGS. 2 and 8. FIG. 1 shows an exemplary wavefront to be
corrected with the two different laser pulses. The wavefront in
FIG. 1 is given in a Zernike notation for a pupil radius of 2.5
mm. Regarding the Zernike coefficients, which are given in
the Bausch & Lomb notation (B&L notation) and the respec-
tive vision error, reference is made to FIG. 14.

FIG. 2 shows a sectional view of a single laser shot abla-
tion, whereas the laser pulse has a 1.0 mm diameter. More
specifically, the ablation depth (y-axis) is shown along a
central cross section of the laser pulse. In this example, in the

10

15

20

25

30

35

40

45

50

55

60

65

6

center of the laser pulse which is indicated as O pm on the
x-axis there is a maximal ablation depth of about 0.4 um.
Every laser may have individual pulse characteristics, e.g.
asymmetrical, which may change over the life time of the
laser. The pulse characteristics of a single laser shot, such as
the ablation, may be measured, e.g., via photo sensitive means
or a test shot or a series of test shots in a material which may
have at least partially the same characteristics as the material
to be ablated based on the obtained laser shot file. In case of
refractive eye surgery the test material may be polymethyl
methacrylate (PMMA). The pulse caused by this test laser
shot is analyzed to obtain the pulse characteristics of the laser,
e.g. the laser spot size, shape and energy distribution etc.

In FIG. 3 a theoretically determined ablation profile, i.e. a
desired ablation profile is illustrated by a dashed line. The
x-axis of FIG. 3 relates to the x direction of the cross section
of'the ablation and the y-axis relates to the ablation depth. The
aim of'the determination of the laser shot positions is to come
as close as possible or at least up to a predetermined degree to
the desired ablation profile. According to the invention the
determination of the laser shot positions is conducted utiliz-
ing information about the actually used laser pulse character-
istics of a single laser shot. The non-shaded portion in FIG. 3
relates to the pupil diameter of 5.0 mm, which may be the
treatment zone. The data produced in the shaded portion
which may represent the transition zone need not be taken
into consideration when determining the laser shot positions
in the treatment area.

A first series of laser shot positions is calculated based on
the desired ablation profile and a simulated ablation profile is
generated using said first series of laser shot positions. The
first series of laser shot positions may be based on the extrapo-
lated wavefront as described above. In the simulation infor-
mation about one or more pulse characteristics of a single
laser shot as illustrated in FIG. 2 is used. The simulated
ablation profile based on the first series of laser shot positions,
which corresponds to the 1° iteration is illustrated in FIG. 3
by the continuous line. According to the invention, the simu-
lated ablation profile is compared with the desired ablation
profile. Based on the comparison residual structures are deter-
mined. As can be taken from FIG. 3, the first determination of
laser shot positions using information about the pulse char-
acteristics of a single laser shot already provides a result
which is quite close to the desired ablation profile in the area
of interest, i.e. the pupil area.

The information relating to the wavefront to be corrected
may be given as a wavefront of nth-order, e.g. 5% order as in
FIG. 1, and the first series of laser shot positions may be
calculated based on said nth-order wavefront.

A second series of laser shot positions is calculated based
on the desired ablation profile and the determined residual
structures for further optimizing the laser shot positions and
the corresponding outcome of the laser treatment. A second
simulated ablation profile using the second series oflaser shot
positions may be generated, which is illustrated in FIG. 4. As
in FIG. 3, the x-axis relates to the x direction of the cross
section of the ablation and the y-axis relates to the ablation
depth. The remaining differences between the desired abla-
tion profile and the simulated ablation profile, i.e., the further
residual structures may be determined by comparing the sec-
ond simulated ablation profile with the desired ablation pro-
file. Based on the desired ablation profile and the determined
further residual structures a further series of laser shot posi-
tions may be calculated.

When determining residual structures based on the com-
parison of the simulated ablation profile with the desired
ablation profile the wavefront of the simulated ablation pro-
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file may be added to the wavefront of the desired ablation
profile or the Zernike coefficients may be added. The addition
of'the Zernike coefficients is less complex and may lead to an
improved calculation performance.

The above described procedure may be iteratively repeated
until a predetermined maximum deviation of the simulated
ablation profile to the desired ablation profile, i.e. a certain
treatment accuracy, is achieved, wherein the further series of
laser shot positions is used as the second series of laser shot
positions. In a following iteration the residual wavefront may
be added to the previously calculated wavefront.

The difference of the simulated and the desired wavefront
may be filtered to obtain low and/or high spatial frequencies
by calculating Zernike coefficients up to the order N', wherein
in each iteration step a respective N'th order of the Zernike
coefficients is used and wherein

N'=n-2*jteration_counter.

n is the order of the wavefront information and
‘iteration_counter’ corresponds to the number of iteration.

Corresponding to FIGS. 3 and 4, which show the result of
the simulated ablation profile relative to the desired ablation
profile in x direction, FIGS. 5 and 6 show the approximation
of the simulated ablation profile in y direction. The x-axis in
FIGS. 5 and 6 relates to the y direction of the cross section of
the ablation and the y-axis relates to the ablation depth.

The table of FIG. 7 illustrates the residual wavefronts in
amplitudes of Zernike coefficients after the 1% iteration and
the 2”4 iteration. Comparing the amplitudes of, e.g., the
Zernike coefficient Z110 from FIG. 1 Z110=0.512 with the
first iteration Z110=0.112 and the second iteration Z110=-
0.004 shows the performance of the approximation of the
simulated wavefront to the desired wavefront according to the
invention.

FIG. 8 shows a sectional view of a single laser shot abla-
tion, whereas the laser pulse has a 1.6 mm diameter. The
single laser shot ablation illustrated in FIG. 8 has a larger
diameter and is less deep in comparison with that of FIG. 2.
As in FIG. 2, the ablation depth (y-axis) is shown along a
central cross section of the laser pulse. In this example, in the
center of the laser pulse which is indicated as O pm on the
x-axis there is a maximal ablation depth of about 0.175 um.

The approximation as shown in FIGS. 9 to 12 is based on
the wavefront as given in FIG. 1, i.e., the desired wavefront
(dashed lines) in FIGS. 9 to 12 corresponds to that as illus-
trated in FIGS. 3 to 6, respectively.

Corresponding to the foregoing, the simulated ablation
profile (continuous line) of FIG. 9 is based on a first series of
laser shot positions using information about the pulse char-
acteristics of a single laser shot according to FIG. 8. Upon a
comparison of the simulated ablation profile with the desired
ablation profile (dashed line) residual structures are deter-
mined. The difference between the simulated ablation profile
and the desired ablation profile is greater than that according
to corresponding FIG. 3 utilizing the laser pulse having a 1.0
mm diameter. Such differences, i.e. the approximation per-
formance, may not only be influenced by laser beam having a
different pulse characteristics but also by the utilized dither-
ing algorithm for determining the laser shot positions as well
as by the wavefront to be corrected, e.g. having mainly low
order aberrations or high order aberrations.

FIG. 10 shows the 2" iteration step in x direction corre-
sponding to FIG. 4, and FIGS. 11 and 12 correspond to FIGS.
5 and 6, respectively.

The table of FIG. 13 illustrates the residual wavefronts in
amplitudes of Zernike coefficients after the 1% iteration and
the 2”4 iteration, corresponding to FIG. 7. Comparing the
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amplitudes, e.g., the Zernike coefficient Z110 from FIG. 1
7110=0.512 with the first iteration Z110=0.283 and the sec-
ond iteration Z110=-0.024 shows that the approximation
performance using the laser pulse characteristics according to
FIG. 8 is lowered in comparison to that of FIG. 2. As already
indicated the performance may depend on at least one of the
laser pulse characteristics, the utilized dithering algorithm for
determining the laser shot positions and the wavefront to be
corrected.

As evident from the summary of the invention, the present
invention can be applied to various fields of laser treatments
and the figures and the respective description relating to the
treatment of an eye is only one example. Preferably this
invention provides the base for lasers using large pulse diam-
eters to deliver an ablation profile which is comparable to the
results achieved with small spot lasers. The invention is
defined by the appended claims and is not limited by the
description.

The invention claimed is:

1. A method for providing a laser shot file for use in a laser,
the method comprising:

a) providing information obtained from an eye to be

treated,

b) calculating a desired ablation profile based on informa-
tion obtained from the eye to be treated,

¢) calculating a first series of laser shot positions based on
the desired ablation profile,

d) generating a first simulated ablation profile using said
first series of laser shot positions and using information
about pulse characteristics of a single laser shot,

e) comparing the first simulated ablation profile with the
desired ablation profile and determining residual struc-
tures, and

f) calculating a second series of laser shot positions based
on the desired ablation profile and the determined
residual structures.

2. The method of claim 1 further comprising:

g) generating a second simulated ablation profile using the
second series of laser shot positions and using informa-
tion about pulse characteristics of a single laser shot,

h) comparing the second simulated ablation profile with
the desired ablation profile and determining further
residual structures, and

1) calculating a further series of laser shot positions based
on the desired ablation profile and the determined fur-
ther residual structures.

3. The method of claim 2, comprising repeating steps f) to
g) at least one time, wherein the further series of laser shot
positions is used as the second series of laser shot positions.

4. The method of claim 1, wherein the desired ablation
profile is calculated based on wavefront information obtained
for the eye to be treated, and wherein the wavefront informa-
tion is preferably given in Zernike coefficients.

5. The method of claim 4, wherein the wavefront informa-
tion is given as a wavefront of nth-order, and wherein said first
series of laser shot positions is calculated based on said nth-
order wavefront.

6. The method of claim 5, wherein the difference between
the first simulated ablation profile and the desired ablation
profile is determined by calculating the difference of a simu-
lated wavefront and a desired wavefront to obtain a residual
wavefront, wherein the residual wavefront is described with
Zernike coefficients.

7. The method of claim 6, wherein for the following itera-
tion the residual wavefront is added to the previously calcu-
lated wavefront.
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8. The method of claim 6, wherein the difference between
the simulated wavefront and the desired wavefront is filtered
to obtain low and/or high spatial frequencies by calculating
Zernike coefficients up to the order N', and wherein in each
iteration step a respective N’th order of the Zernike coeffi-
cients is used, and wherein

N’=n-2*iteration_counter,

with n being the order of the wavefront information and
iteration_counter=number of iteration.

9. The method of claim 8, wherein in each iteration step the
corrected wavefront is used for calculating a respective series
of laser shot positions, and wherein the iteration steps N' is
less than 3.

10. The method of claim 1, further comprising:

controlling a laser apparatus responsive to the provided

laser shot file.

11. The method of claim 1, wherein the laser shot file is for
use in an excimer laser.

12. The method of claim 1 wherein the laser and the laser
shot file are configured for producing a customized contact
lens or an intraocular lens.

13. The method of claim 1 wherein the laser and the laser
shot file are configured for performing a refractive laser treat-
ment of the eye.
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